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value, and subtracting the product of a sum of all subscriber 
hits greater than the threshold value and the threshold value. 
The excess usage component is used to analyZe subscriber 
usage. 
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NETWORK USAGE ANALYSIS SYSTEM AND 
METHOD FOR DETERMINING EXCESS 

USAGE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application is related to the following Non 
Provisional US. Patent Applications: Ser. No. 09/919,149, 
entitled “Network Usage Analysis System Having Dynamic 
Statistical Data Distribution System and Method,”; Ser. No. 
09/919,527, entitled “Network Usage Analysis System and 
Method for Updating Statistical Models,”; Ser. No. 09/548, 
124, entitled “Internet Usage Analysis System and Method,” 
Which are all ?led on even date hereWith, are all assigned to 
the same assignee as the present application, and are all 
herein incorporated by reference. 

THE FIELD OF THE INVENTION 

The present invention relates to a data analysis system and 
method, and more particularly, to a netWork usage analysis 
system and method of determining revenue associated With 
excess usage above a threshold for real time ?nancial 
modeling. 

BACKGROUND OF THE INVENTION 

NetWork systems are utiliZed as communication links for 
everyday personal and business purposes. With the groWth 
of netWork systems, particularly the Internet, and the 
advancement of computer hardWare and softWare 
technology, netWork use ranges from simple communication 
exchanges such as electronic mail to more complex and data 
intensive communication sessions such as Web broWsing, 
electronic commerce, and numerous other electronic net 
Work services such as Internet voice, and Internet video-on 
demand. 

NetWork usage information does not include the actual 
information exchanged in a communications session 
betWeen parties, but rather includes metadata (data about 
data) information about the communication sessions and 
consists of numerous usage detail records (UDRs). The 
types of metadata included in each UDR Will vary by the 
type of service and netWork involved, but Will often contain 
detailed pertinent information about a particular event or 
communications session betWeen parties such as the session 
start time and stop time, source or originator of the session, 
destination of the session, responsible party for accounting 
purposes, type of data transferred, amount of data 
transferred, quality of service delivered, etc. In telephony 
netWorks, the UDRs that make up the usage information are 
referred to as a call detail records or CDRs. In Internet 
netWorks, usage detail records do not yet have a standard 
iZed name, but in this application they Will be referred to as 
Internet detail records or IDRs. Although the term IDR is 
speci?cally used throughout this application in an Internet 
example context, the term IDR is de?ned to represent a UDR 
of any netWork. 

NetWork usage information is useful for many important 
business functions such as subscriber billing, marketing & 
customer care, and operations management. NetWork usage 
data mediation systems are utiliZed for collecting, 
correlating, and aggregating netWork usage information as it 
occurs and creating UDRs as output that can be consumed 
by computer business systems that support the above busi 
ness functions. Examples of these computer business sys 
tems include billing systems, marketing and customer rela 
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2 
tionship management systems, customer churn analysis 
systems, and data mining systems. 

Especially for Internet netWorks, several important tech 
nological changes are key drivers in creating increasing 
demand for timely and cost-effective analysis of Internet 
usage information or the underlying IDRs. 

One technological change is the dramatically increasing 
Internet access bandWidth at moderate subscriber cost. Most 
consumers today have only limited access bandWidth to the 
Internet via an analog telephony modem, Which has a 
practical data transfer rate upper limit of about 56 thousand 
bits per second. When a netWork service provider’s sub 
scribers are limited to these sloW rates there is an effective 
upper bound to potential congestion and overloading of the 
service provider’s netWork. HoWever, the increasing Wide 
scale deployments of broadband Internet access through 
digital cable modems, digital subscriber line, microWave, 
and satellite services are increasing the Internet access 
bandWidth by several orders of magnitude. As such, this 
higher access bandWidth signi?cantly increases the potential 
for netWork congestion and bandWidth abuse by heavy 
users. With this much higher bandWidth available, the usage 
difference betWeen a heavy user and light user can be quite 
large, Which makes a ?xed-price, all-you-can-use pricing 
plan dif?cult to sustain; if the service provider charges too 
much for the service, the light users Will be subsidiZing the 
heavy users; if the service provider charges too little, the 
heavy users Will abuse the available netWork bandWidth, 
Which Will be costly for the service provider. 

Another technological change is the rapid groWth of 
applications and services that require high bandWidth. 
Examples include Internet telephony, video-on-demand, and 
complex multiplayer multimedia games. These types of 
services increase the duration of time that a user is connected 
to the netWork as Well as requiring signi?cantly more 
bandWidth to be supplied by the service provider. 

Another technological change is the transition of the 
Internet from “best effort” to “mission critical”. As many 
businesses are moving to the Internet, they are increasingly 
relying on this medium for their daily success. This transi 
tions the Internet from a casual, best-effort delivery service 
into the mainstream of commerce. Business managers Will 
need to have quality of service guarantees from their service 
provider and Will be Willing to pay for these higher quality 
services. 

Due to the above driving forces, Internet service providers 
are moving from current, ?xed-rate, all-you-can-use Internet 
access billing plans to more complex billing plans that 
charge by metrics, such as volume of data transferred, 
bandWidth utiliZed, service used, time-of-day, and sub 
scriber class, Which de?nes a similar group of subscribers by 
their usage pro?le, organiZational af?liation, or other 
attributes. 
An example of such a rate structure might include a ?xed 

monthly rate portion, a usage allocation to be included as 
part of the ?xed monthly rate (a threshold), plus a variable 
rate portion for usage beyond the allocation (or threshold). 
For a given service provider there Will be many such rate 
structures for the many possible combinations of services 
and subscriber classes. 
NetWork usage analysis systems provide information 

about hoW the service provider’s services are being used and 
by Whom. This is vital business information that a service 
provider must have in order to identify fast moving trends, 
establish competitive prices, and de?ne neW services or 
subscriber classes as needed. Due to the rapid pace that neW 



US 6,961,716 B2 
3 

Internet services are appearing, the service provider must 
have quick access to this vital information. KnoWn analysis 
packages feed the netWork usage data into large databases, 
and then perform subsequent analysis on the data at a later 
time. These database systems can get quite large. A service 
provider With one million subscribers can generate tens of 
gigabytes of usage data every day. Although the technology 
for storing vast amounts of data has been steadily improving, 
Internet traffic is groWing at a much faster pace. Storing and 
managing all of this data is expensive and may eventually 
become prohibitive. Large and expensive supporting hard 
Ware is required (e.g., terabyte disk storage, back-up 
systems) and expensive relational database management 
softWare systems (RDBMS) are required to support very 
high transaction rates and large data sets. Further, database 
administrative personnel must be employed to support and 
maintain these large database management systems. 

Once the type of analysis is determined, data mining and 
analysis softWare systems are utiliZed to query and analyZe 
the large amounts of netWork usage information stored in the 
databases. The use of data mining and analysis softWare 
systems often requires additional business analysis consult 
ing services, additional support hardWare, and data mining 
softWare licenses. Further, given the amount of data that 
needs to be processed, the total latency of time aging of the 
data can be quite long. It may take days to Weeks to extract 
the needed information. For example, if one Were to use a 
standard SQL reporting softWare system to analyZe the effect 
of changing to a different threshold in a rate structure 
including a ?xed monthly rate portion plus a variable rate 
portion, it may take several days to produce the result. 

One type of analysis disclosed in US. patent application 
Ser. No. 09/548,124, ?led Apr. 12, 2000, entitled “Internet 
Usage Analysis System and Method,” utiliZes statistical 
models for analyZing netWork usage data. Since the raW 
netWork usage data is too voluminous to search quickly, 
statistical models are constructed that are representative of 
the raW netWork usage data. These statistical models are 
stored, and may be subsequently analyZed for solving net 
Work usage problems. 

For reasons stated above and for other reasons presented 
in greater detail in the Description of the Preferred Embodi 
ment section of the present speci?cation, more advanced 
techniques are required in order to use the statistical models 
for determining revenue associated With excess usage above 
a threshold for real time (or near real time) ?nancial mod 
eling. 

SUMMARY OF THE INVENTION 

The present invention provides a usage analysis system 
and method for determining revenue associated With excess 
usage above a threshold for ?nancial modeling. In one 
embodiment, the method is for modeling subscriber usage in 
a usage based revenue system. The method includes de?ning 
a threshold value. An excess usage component is determined 
by summing all subscriber usage greater than the threshold 
value, and subtracting the product of a sum of all subscriber 
hits greater than the threshold value and the threshold value. 

Although the term netWork is speci?cally used throughout 
this application, the term netWork is de?ned to include the 
Internet and other netWork systems, including public and 
private netWorks that may or may not use the TCP/IP 
protocol suite for data transport. Examples include the 
Internet, Intranets, extranets, telephony netWorks, and other 
Wire-line and Wireless netWorks. Although the term Internet 
is speci?cally used throughout this application, the term 
Internet is an example of a netWork. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating one exemplary 
embodiment of a netWork usage analysis system and method 
for modeling subscriber usage according to the present 
invention. 

FIG. 2 is a diagram illustrating one exemplary embodi 
ment of a usage-based pricing model having a ?xed revenue 
portion and a variable revenue portion, for use With the 
present invention. 

FIG. 3 is a How diagram illustrating one exemplary 
embodiment of a method for modeling subscriber usage in 
a netWork usage analysis system according to the present 
invention. 

FIG. 4 is a How diagram illustrating one exemplary 
embodiment of a method for modeling subscriber usage for 
determining an excess usage component associated With a 
threshold value in a netWork usage analysis system and 
method according to the present invention. 

FIG. 5 is a diagram illustrating one exemplary embodi 
ment of a record event set. 

FIG. 6 is a diagram illustrating one exemplary embodi 
ment of an aggregation table. 

FIG. 7 is a diagram illustrating one exemplary embodi 
ment of a table de?ning bin siZes for use With a netWork 
usage analysis system and method according to the present 
invention. 

FIG. 8 is a diagram illustrating one exemplary embodi 
ment of a distribution table for use With a netWork usage 
analysis system and method according to the present inven 
tion. 

FIG. 9 is a diagram illustrating one exemplary embodi 
ment of tracking cumulative user hits and cumulative bites 
in a table illustrating an excess usage component (XS) for 
different threshold values (T) using the netWork usage 
analysis system and method according to the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing detailed description of the preferred 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof and shoW, by Way of illustration, 
speci?c embodiments in Which the invention may be prac 
ticed. It is to be understood that other embodiments may be 
utiliZed and structural or logical changes may be made 
Without departing from the scope of the present invention. 
The folloWing detailed description, therefore, is not to be 
taken in a limiting sense, and the scope of the present 
invention is de?ned by the appended claims. 
AnetWork usage analysis system according to the present 

invention is illustrated generally at 20 in FIG. 1. NetWork 
usage analysis system 20 provides a system and method for 
determining revenue associated With excess usage above a 
threshold for real time ?nancial modeling. With a usage 
based pricing model having a usage threshold, determining 
the total revenue for a group of subscribers is more complex 
than a usage-based pricing model Without a usage threshold. 
Without a usage threshold, the total revenues for a group of 
subscribers can be computed simply from multiplying the 
total usage of all the subscribers for the month times the 
?nancial rate per usage unit (e.g., per megabyte). The 
netWork usage analysis system and method according to the 
present invention determines excess usage above a threshold 
from the statistical model. Once this value is knoWn, com 
puting the total revenue for a service provider is straight 
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forward. Further, the network usage analysis system and 
method according to the present invention provides for fast 
determining of excess usage above a threshold for real time 
?nancial modeling, including computing of the total revenue 
for a service provider. 

In one aspect, the present invention provides a usage 
analysis system and method for determining revenue asso 
ciated with excess usage above a threshold for a group of 
subscribers in real time, which is essential for ?nancial 
modeling of the total revenue expected from that group of 
subscribers. In one embodiment, the method is for modeling 
subscriber usage in a usage based revenue system. The 
method includes de?ning a usage threshold value, a ?xed 
?nancial fee per ?nancial period (e.g., a month) per 
subscriber, and a ?nancial rate for usage over the threshold 
value. The excess usage of a single subscriber is only that 
portion of a subscriber’s usage that is above the threshold. 
For a group of subscribers or users, the excess usage is the 
sum of the excess usage for each subscriber over all sub 
scribers in the group. The excess usage component for the 
entire group of subscribers is determined from a statistical 
cumulative probability distribution of the subscribers’ usage 
with a method that requires only a few table look-ups and 
arithmetic operations, which is extremely fast compared to 
conventional methods. 

Network usage analysis system 20 includes several main 
components, each of which is a software program. The main 
software program components of network usage analysis 
system 20 run on one or more computer server systems. In 

one embodiment, each of the main software program com 
ponents runs on its own computer system. 

One suitable network usage analysis system for use with 
the present invention is disclosed in US. patent application 
Ser. No. 09/548,124, ?led Apr. 12, 2000, entitled “Internet 
Usage Analysis System and Method,” having a common 
assignee and inventor as the present application. US. patent 
application Ser. No. 09/548,124 was previously incorporated 
herein by reference. 

In one exemplary embodiment, network usage analysis 
system 20 includes a data analysis system server 22 and a 
data storage system 24. Data analysis system server 22 
receives usage data or “record events” from data collection 
system 26. Data collection system 26 receives network 
usage data from network 28. In one preferred embodiment, 
network 28 includes the Internet 30. Commonly, the usage 
data is a real-time stream of network usage data records or 
record events. In one embodiment, the usage data is a 
real-time stream of record events generated from the data 
collection system 26 positioned on network 28. 

Data analysis system server 22 receives the usage data in 
the form of record events from data collection system 26 via 
communication link 27. In one aspect, the usage data 
collection system 26 is separate from a network usage data 
reporting system, and in another aspect, the usage data 
collecting system 26 includes a network usage data reporting 
system. In another aspect, data collection system 26 is part 
of the data analysis system server 22. One data collection 
system suitable for use with the present invention is com 
mercially available under the trade name INTERNET 
USAGE MANAGER, from Hewlett-Packard, USA. Other 
data collection and reporting systems suitable for use with 
the usage analysis system in accordance with the present 
invention will become apparent to those skilled in the art 
after reading the present application. 

Data analysis system server 22 uses the usage data to 
perform predetermined network usage statistical analysis. In 
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6 
particular, a statistical model 34 is de?ned for solving a 
network usage related business problem, including deter 
mining total revenue for a service provider based on a usage 
threshold, to aid in setting the usage threshold. The usage 
data analysis system server 22 uses the usage data and the 
statistical model 34 to generate a statistical result. The data 
analysis system server 22 operates to store the statistical data 
in data storage system 24. In one aspect, the data analysis 
system server 22 is responsive to a user interface 38 for 
interactive analysis of the statistical model 34, such as 
determining total revenue or excess usage using different 
usage thresholds. Further, a graphical display of the statis 
tical model 34 results can be output to a display system at 
user interface 38. 

In one exemplary embodiment, data analysis system 
server 22 comprises a computer software program that runs 
on one or more computers or servers. Statistical model 34 

can be stored as statistical data in the form of a table in data 
storage system 24. Data storage system 24 may comprise 

volatile memory (e.g., random access memory and/or non-volatile memory (e.g., a hard disk drive or other 

persistent storage device). User interface 38 may comprise 
a keyboard and/or mouse or other interface device with a 
display system such as a video display device as known in 
the art. 

In one preferred embodiment, the data analysis system 
server 22 uses statistical model 34 to determine total revenue 
for a service provider, including revenue attributable to 
excess usage above a threshold. In one aspect, a threshold 
value is de?ned at user interface 38, indicated at 40 The 
system and method for modeling subscriber usage includes 
the data analysis system server 22 utiliZing the statistical 
model 34 to determine an excess usage component by 
summing all subscriber usage greater than the threshold 
value 40, indicated at 42 (S) and subtracting the product of 
a sum of all subscriber hits greater than the threshold value 
and the threshold value, indicated at 44 The present 
invention provides for fast determination of an excess usage 
component is used to analyZe revenue associated with 
subscriber usage at de?ned threshold values. 

FIG. 2 is a diagram illustrating one exemplary embodi 
ment of a simple ?nancial usage-based pricing model for a 
typical service provider utiliZing a network usage analysis 
system according to the present invention. The network 
usage analysis system is utiliZed by de?ning statistical 
models for solving the network usage related business 
problem, including determining the total revenue for a 
service provider, including determining/setting a usage 
threshold and dollar/MB rate. The simple ?nancial model 
100 is detailed herein as part of a business model for an 
Internet service provider (ISP), represented generally at 102, 
but could also apply to other service providers (e.g., a 
company department managing an intranet network). 

Once a decision has been made to move to a usage-based 
billing system, an ISP business manager needs to determine 
how to apportion revenue streams into ?xed charges and 
usage based charges. The trade-off is a guarantee of an 
annuity for income, versus the ability to attract new cus 
tomers with a low base rate. Other factors, such as behavior 
modi?cation of heavy users also comes into play. 

Usage-based billing business model 100 provides service 
provider costs 102 and service provider revenues 104. Costs 
102 include two components. The ?rst component is the 
?xed costs portion 106 and the second component is the 
variable costs portion 108. The ?xed costs portion 106 
represent costs that are short-term independent of subscriber 
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usage, such as operational running costs, the cost of com 
munication trunks (T1s, T3s, etc.) and investment costs 
(e.g., amortization costs of the ISP infrastructure). Variable 
costs 108 include settlement charges or premium content 
charges that the ISP pays per megabyte used and are a direct 
result of subscriber usage. 

ISP revenues 104 also include tWo components. The ?rst 
component is the ?xed revenue portion 110 and the second 
component is the variable revenue portion 112. The ?xed 
revenue portion 110 is the component of a subscriber’s bill 
before any usage charges are added (e.g., before the sub 
scriber’s usage exceeds a prede?ned usage threshold). The 
variable revenue portion 112 results directly from a sub 
scriber’s usage fees attributed to usage above the allotted 
threshold. Pro?t 113 is the portion of the total revenues 104 
that exceed the total costs 102. 

Most subscribers like getting a certain amount of service 
included With their ?xed monthly fee. As such, ISP plans can 
have a threshold of service that is included With the ?xed 
portion of their fees. For example, the ?rst 40 megabytes of 
usage each month may be included in a ?xed fee, setting the 
threshold equal to 40 megabytes. 

In FIG. 2, vertical axis 114 represents megabytes of usage. 
Ausage threshold is indicated at 116, the maximum amount 
attributable to ?xed revenue portion 110. The level of the 
usage threshold 116 can symbolically represent tWo values, 
the revenue from the ?xed charges (along vertical axis 104) 
as Well as the megabyte level beyond Which a subscriber 
Would pay usage charges (along axis 114). The vertical axis 
115 represents revenue dollars partitioned into tWo segments 
rated at tWo different SS/MB rates. The ?rst segment 118 is 
the portion beloW the usage threshold 116, Which has a 
dollars/MB scaling factor of subscriber ?xed fee per month 
divided by the allocated MB usage per month. The second 
segment 120 is the portion above usage threshold 116 that 
includes an independent scaling factor of dollars/MB for 
over-the-threshold charges. 

The netWork usage analysis system in accordance With the 
present invention is utiliZed for generating statistical models 
to solve the ISP’s Internet netWork usage related business 
problem. In particular, by utiliZing business model 100, a 
service provider can adjust risks via interactive analysis 
based on many market factors and have the bene?ts of usage 
metering (and billing) by varying, for example, the folloW 
ing three values: 

the ?xed charge per month per customer; 
the usage threshold in megabytes, Where usage charges 

(dollars/MB) begin; and 
the dollars/MB charge for usage over the usage threshold. 
The netWork usage analysis system in accordance With the 

present invention determines an excess usage component 
(XS) associated With a de?ned threshold from the statistical 
model. Once the excess usage value is knoWn, computing 
the total revenue for the service provider becomes straight 
forWard as is detailed in this application. 
A simple ?nancial model of the value of subscribers’ 

usage to the service provider is as folloWs: Each subscriber 
Within a pricing plan is normally charged a FixedFee per 
period (e.g., a month), Which includes usage up to a 
threshold, T. If a subscriber has usage above T for the period, 
this is called excess usage or XS. In this simple, but Widely 
used usage-based pricing model, each subscriber With 
excess usage is charged an additional excess usage fee based 
on a rate of $x/unit for all usage over T. Common examples 
of units of charging include megabytes, packets, 
transactions, and time (e.g., minutes or seconds). The rev 
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8 
enue for the service provider for all subscribers on this same 
pricing plan Would be computed as folloWs. 

Where 

ST : Total number of subscribers 

R : Rate for excess usage in $/unit 

Uk : Usage for subscriber k 

T : Threshold Where unit pricing begins 

FixedFee : Fixed fee per month 

The values Uk Would normally be stored in a database 
along With the subscriber ID and other information. The 
time-consuming portion of this computation is, of course, 
the summation term, Which is the computation of each 
subscriber’s amount of excess usage. For a group of sub 
scribers this excess usage translates directly into substantial 
revenue for the service provider. Equation [1] can be Written 
in terms of the excess usage function, or component XS(T) 
for an entire group of subscribers: 

Revenue : FixedFee>l< ST + R * XS(T) [2] 

Where 

Because of the “if>0” quali?er, the above equation 
becomes piece-Wise linear. As a result, prior to this invention 
there has not been a simple method that one can use to 
compute the revenue for all subscribers Without having to 
reprocess all of the subscriber records. For example, if T=0, 
the value of the usage portion of the revenue Would simply 
be R*TotalUsage. For other values of T, hoWever, the each 
subscriber record Would have to be re-examined and the XS 
for each subscriber Would have to be computed and then 
summed. This scanning of the entire database results in a 
tedious computation if the number of user records becomes 
large. If only one value of T is chosen, the computational 
task is ST iterations, Which at ?rst may not seem so severe 
if it only needs to be done occasionally. 

HoWever, if one Wishes to compute the revenue in real 
time, this scenario is quite problematic as the database is 
likely to be updated many times before a scan of all the 
records can be ?nished. Even scanning a large database once 
can take considerable time, so it is hardly real time. In a 
modeling environment, it is desirable to be able to choose 
numerous values of T (i.e., threshold values) in order to 
understand the impact on revenues. This increases the com 
putational task to nST, Where n is the number of chosen 
values of T. Suppose the service provider has 1,000,000 
subscribers and the individual subscriber’s usage data is kept 
in a database, Which is the usual case. Since the database is 
not sorted by usage (an expensive operation in itself) a 
determination of XS(T) for one value of T is 1M iterations, 
not counting the sort, Which itself is on the order of N 
log(N). Modeling four different choices of T Would repre 
sent 4M iterations, and for a database, constrained by 
mechanical spinning disks for access to the data, this is a 
very expensive operation indeed. This makes interactive 
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modeling of pricing plans, like the one above, impractical 
using traditional database approaches. 

The present invention approaches the problem by 
creating, in real-time as usage records are received, cumu 
lative probability density and distribution statistics of the 
subscriber’s usage, Which is stored in a small table of, say, 
a hundred entries. For most business planning purposes this 
statistical method has suf?cient accuracy and can be used to 
model the value of the eXcess usage. See also, for example, 
US. patent application Ser. No. 09/548,124, previously 
incorporated herein by reference. 

Whether attempting to compute the eXcess usage from a 
database or from a smaller table a better method is needed. 
For eXample, in a small ordered table of 100 entries, on 
average 50 iterations of the summation is needed to compute 
the XS usage, because the tables are already sorted. This 
may seem small, especially compared to the database situ 
ation mentioned above, but When attempting to perform 
real-time interactive modeling over many different pricing 
plans and many different pricing assumptions, even this can 
be onerous. 

The folloWing paragraphs illustrated hoW the eXcess 
usage component XS(T) can be quickly determined via a 
method according to the present invention using simple table 
look-ups. To eXplain the method, it is easier to see if We 
break the summation of Equation 2 apart. Let us assume that 
We are Working from a sorted table of usage similar to the 
direct output of a dynamic distribution model as disclosed in 
US. patent application Ser. No. 09/919,149 ?led Jul. 31, 
2001, entitled “NetWork Usage Analysis System Having 
Dynamic Statistical Data Distribution System and Method” 
and previously incorporated herein by reference. 

Given a probability density distribution With bins ordered 
1 to n, the top p terms of the XS function of Equation 2 
Would be the folloWing: 

Xsmpmm = Wat/W1 — TIM + Hwzwwz — TIM, + + [3] 

Hnil (Urrl — T)if>0 + Hnwn — T)if>0 

Where 

H; = number of hits for the bin With mean usage value U; 

n = number of terms in the equation and the number 

of bins 

HoWever, this sum can be reconstructed as folloWs: 

[4] XStoppterms= : HiUi—[ i 

Note that Ui in this equation refers to the mean usage 
value of a bin, and not of a particular subscriber. This 
equation reveals a signi?cant simpli?cation of the compu 
tation of XS(T), independent of hoW the subscribers’ usage 
are distributed: 

The eXcess usage at a point T, XS(T), is the sum of all 
usage greater than T, minus the product of the sum of 
all hits greater than T and T. 

We can create a dynamic distribution model and update it 
in real-time using a rolling monthly period, as described in 
US. patent Ser. No. 09/919,527, ?led Jul. 31, 2001, entitled 
“NetWork Usage Analysis System and Method for Updating 
Statistical Models” and previously incorporated herein by 
reference. This results in a real-time probability density of 
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10 
usage of our subscriber population. NoW, When responding 
to a client query to return the density table, if the values of 
the table are summed in a cumulative fashion the cumulative 
probability distribution functions Will be returned instead, 
With minimal computational overhead, as all of the values 
must be touched anyWay as part of a standard communica 
tions serialiZation. 
TWo cumulative distributions are returned, one for the 

distribution of hits, or subscribers, and one for the distribu 
tion of usage. The ?nal values returned for each distribution 
are TotalSubs, Which is the total number of subscribers and 
TotalUsage, Which is the total of all the subscribers’ usage, 
respectively. Note that 

Z H;U; : TotalUsage- CumUsage(T) [5] 
above T 

2 H; : TolalSubs- CumSubs(T) 
above T 

XS(T) : TotalUsage- CumUsage(T) — T * 

(TotalSubs — CumSubs(T)) 

This means that the XS function can be computed With 2 
simple table lookups, 3 subtractions and a single multiply. 
No iterations are required! 
NoW the ?nancial value of a group of subscribers can be 

computed in real-time With the additional ability to model 
different pricing plans in real-time. 

For all bins completely above T, and completely beloW T, 
this computation is as accurate as maintaining a database of 
each subscriber record, yet it is computed from a small set 
of statistical tables. There is a slight error for the computa 
tion of only one bin, and that is Where the value T lies 
betWeen the upper limit and the loWer limit of that bin. Since 
T is Within the bin the difference betWeen T and the bin mean 
are an approximation of the actual distribution of subscribers 
Within that bin. Since the usage values are very close to T, 
the error is quite small. 

FIG. 3 and FIG. 4 are How diagrams illustrating one 
eXemplary embodiment of a method for modeling subscriber 
usage using the netWork usage analysis system and method 
according to the present invention, including fast determi 
nation of an eXcess usage component for a given threshold 
value T. In FIG. 3, the method is illustrated generally at 130. 
At 132, a threshold value is de?ned. In one aspect, the 
threshold value is de?ned via user interface 38. At 134, an 
eXcess usage component associated With the threshold value 
is determined. In one aspect, all subscriber usage greater 
than the threshold value is determined, indicated at 136. At 
138, the product of the number of subscribers With usage 
greater than the threshold value and the threshold value is 
subtracted from the sum of all subscriber usage greater than 
the threshold value 136, to determine the eXcess usage 
component. 
At 140, an eXcess usage revenue is determined by mul 

tiplying an eXcess usage rate by the eXcess usage compo 
nent. At 142, ?Xed fee revenue value is determined by 
multiplying a total number of subscribers by a ?Xed fee rate. 
At 144, the total revenue associated With the threshold value 
is determined by adding the ?Xed fee revenue to the eXcess 
usage revenue value. 

In FIG. 4, a How diagram illustrates one eXemplary 
embodiment of determining an eXcess usage component 
associated With the threshold value. At 150, total usage 
(TotalUsage) and cumulative usage at the threshold value 
(CumUsage are determined by quick look-ups from the 
cumulative distribution table of usage. At 152, total sub 
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scriber hits (TotalSubs) and cumulative subscriber hits at the 
threshold value (CumSubs are determined by quick 
look-ups from the cumulative distribution table of subscrib 
ers. At 154, the excess usage component is determined by 

XS(T)=TotalUsage—CumUsage(T)-T* (TotalSubs-CumSubs(T)). 

FIGS. 6—9 illustrate one exemplary embodiment of track 
ing usage information and determining total subscriber 
revenue for a given threshold using the netWork usage 
analysis system and method according to the present inven 
tion. The values for TotalUsage, CumUsage (T), TotalSubs, 
and CumSubs (T) are tracked and obtained from statistical 
tables as part of the statistical model, and are detailed in the 
folloWing paragraphs. In summary, collected record events 
for subscribers are summed in an aggregation table. A 
special distribution table is generated from the aggregation 
table, Which tracks total usage, cumulative usage, total 
subscriber hits, and cumulative subscriber hits for determin 
ing an excess usage component. 

FIG. 5 is a diagram illustrating one exemplary embodi 
ment of a record event set 160 Which is received from data 
collection system 26. Record event set 160 includes one or 
more record events, indicated as record event 162, record 
event 164, and record event 166. Each record event typically 
includes one or more data records and an event identi?er 

(e.g., a subscriber identi?er) associated With the data 
records. As shoWn, subscriber identi?er 170 (ID1) is asso 
ciated With usage data record 172 and other data record type 
174. Subscriber identi?er 176 (ID2) is associated With usage 
data record 178 and other data record 180. A single record 
event or one or more record events associated With one or 

more record identi?ers can be stored in memory, and in one 
preferred embodiment, are stored in memory in the form of 
a table. 

In FIG. 6, an accumulation or aggregation table is illus 
trated generally at 200. The aggregation table 200 provides 
for tracking statistical data corresponding to the accumula 
tion of usage for each subscriber during an accounting, such 
as a month, and is generated from subscriber record events 
received over a time period. The aggregation table 200 can 
be stored in volatile memory (e.g., RAM) or non-volatile 
memory or other persistent storage device. The siZe of the 
aggregation table 200 depends on the number of active 
subscribers. 

In the exemplary embodiment shoWn, aggregation table 
200 includes a subscriber identi?cation (subscriber ID) 
column 202 and an accumulated (e.g., a sum of usage bytes 
column 204). Column 202 includes an entry for each sub 
scriber ID, indicated as sub ID1, sub ID2, sub ID3, sub ID4, 
sub ID5, sub ID6, sub ID7, sub ID8, sub ID9, sub ID10 
through sub IDN. Column 204 includes accumulation of 
usage and bytes corresponding to each subscriber ID 202. 
The aggregation table 200 is utiliZed for generating a 
distribution table for storing statistical data representative of 
the data stored in the aggregation table 200. 

In one exemplary embodiment, aggregation table 200 is 
generated as described in US. patent application Ser. No. 
09/548,124, entitled “Internet Usage Analysis System and 
Method,” Which has previously been incorporated herein by 
reference. 

FIG. 7 is a diagram in table form illustrating character 
istics of bins of a probability density distribution table. In 
one exemplary embodiment, the bin siZes are determined 
using the method disclosed in US. patent application Ser. 
No. 09/919,149, entitled “NetWork Usage Analysis System 
Having Dynamic Statistical Data Distribution System and 
Method”, previously incorporated herein by reference. None 
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12 
of the values in this table are typically stored, but are 
computed in real-time as needed. This table is for illustration 
only. 

Bin index column 232 and bin key column 234 are 
utiliZed for locating a bin based on the input data value 
described in the above referenced patent application. Col 
umn 236 de?nes the bin loWer bound in bytes, and column 
238 de?nes the bin upper bound in bytes. The exemplary 
embodiment shoWn divides the usage information into 9 
bins, indicated by bin index column 232. Usage data statis 
tical information for users is collected and falls betWeen the 
loWer bound of the table, Which is 10 bytes and the upper 
bound of the table, Which is 316,227.8 bytes. In the exem 
plary embodiment shoWn, bin 1 ranges from 10 bytes to 31.6 
bytes; bin 2 ranges from 31.6 bytes to 100 bytes; bin 3 
ranges from 100 bytes to 316.2 bytes; bin 4 ranges from 
316.2 bytes to 1,000 bytes; bin 5 ranges from 1,000 bytes to 
3,162.3 bytes; bin 6 ranges from 3,162.3 bytes to 10,000 
bytes; bin 7 ranges from 10,000 bytes to 31,6228 bytes; bin 
8 ranges from 31,6228 bytes to 100,000 bytes; and bin 9 
ranges from 100,000 bytes to 316, 227.8 bytes. 

FIG. 8 is a diagram illustrating one exemplary embodi 
ment of a distribution table used in a netWork usage analysis 
system and method according to the present invention. Only 
columns 256 and 258 Would typically be maintained in a 
table in memory. The values in the other columns are only 
computed as needed. The distribution table 250 can be 
generated using aggregation table 200 and the bin de?nitions 
illustrated in table 230. Distribution table 250 includes bin 
index column 252 (Which corresponds to the bin index 
previously de?ned in column 232), bin mean bytes column 
254, number of user “hits” column 256, total bin bytes 
column 258, cumulative users (hits) column 260, and cumu 
lative usage bytes column 262. 

In one exemplary embodiment, distribution table 250 is 
?rst generated by scanning aggregation table 200. As the 
aggregation table 200 is scanned, the number of users or user 
hits is tabulated for each bin, indicated at 256. At column 
258, for each user hit added to a bin, the total usage bytes 
associated With that user are added to the corresponding total 
bin bytes in column 258. Bin mean bytes 254 are then 
determined, When required, by dividing the total bin bytes 
for each bin index by the number of users or hits. 
The distribution table 250 further includes cumulative 

user (hits) column 260 and cumulative bytes column 262 for 
use in determining the excess usage component. As such, the 
user hits and total bin bytes are tracked in real time. The 
cumulative user hits for each bin and cumulative bytes for 
each bin are computed in real time When required. For 
example, the cumulative users (hits) for bin index number 3 
is equal to the sum of the user hits for bin index numbers 1, 
2 and 3 (9 equals 1+3+5) similarly, the cumulative bytes for 
bin index number 3 is equal to the sum of the cumulative 
bytes for bin index numbers 1, 2 and 3 (1,146=20+126+1, 
000). As is discussed in this application, When the distribu 
tion table is presented to the ?nancial computation method, 
the table is presented in the cumulative distribution form 
illustrated by columns 260 and 262 for determining an 
excess usage component used in modeling subscriber rev 
enue in the netWork usage analysis system and method 
according to the present invention. The users (hits) 256 and 
total bin bytes 258 corresponding to each bin are stored in 
the distribution model, indicated at 270. The values for the 
cumulative user hits and cumulative bytes are sent to a user 
interface or client for determining revenue as detailed 
herein. 

For a threshold value equal to a bin mean bytes, column 
254, the cumulative users (hits) and cumulative bytes indi 
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cated in columns 260 and 262 are used. For example, the bin 
mean bytes for bin index 8 is 43,000 bytes. If a threshold 
value of 43,000 bytes is chosen, the cumulative users value 
in column 260 (88) and the cumulative bytes value in 
column 262 (476,146) are used. If a threshold value is 
chosen that is betWeen the values in the bin mean bytes 
column 254, then interpolation techniques are utiliZed for 
determining the cumulative users value and cumulative 
bytes value. 

FIG. 9 is a table illustrating a number of examples of 
threshold values (T) in column 260 and the resulting excess 
usage component (XS(T)) in column 262. As previously 
described herein and in reference also to FIG. 3 and FIG. 4, 
the excess usage component for a given threshold value is 
determined by the sum of all subscriber usage greater than 
the threshold value, and subtracting the product of the sum 
of all subscriber hits greater than the threshold value and the 
threshold value. Choosing a simple example Where the 
threshold value is chosen at the loWer bound of bin index 2 
(31.6228 bytes), Then the excess usage component is equal 
to the TotalUsage (698,146) minus the CumUsage(T) (20) 
minus the threshold value (31.6228) times the quantity 
of the TotalSubs (89) minus the CumSubs(T) (1); or 

XS(31.6228)=698146—20—31.6228*(89—1)=695343, 
Which is indicated in the second roW of column 280. 

With the present invention, a statistical cumulative dis 
tribution model is used to obtain many values With simple 
look-ups, rather than using iterative summing. Once the 
statistical distribution has been obtained, the computation of 
the XS component and thus the revenue can be computed 
With look-ups. 

Although speci?c embodiments have been illustrated and 
described herein for purposes of description of the preferred 
embodiment, it Will be appreciated by those of ordinary skill 
in the art that a Wide variety of alternate and/or equivalent 
implementations may be substituted for the speci?c embodi 
ments shoWn and described Without departing from the 
scope of the present invention. Those With skill in the 
chemical, mechanical, electromechanical, electrical, and 
computer arts Will readily appreciate that the present inven 
tion may be implemented in a very Wide variety of embodi 
ments. This application is intended to cover any adaptations 
or variations of the preferred embodiments discussed herein. 
Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 
What is claimed is: 
1. A computer-implemented method for modeling sub 

scriber usage in a usage based revenue system, the method 
comprising: 

de?ning a threshold value; and 
electronically determining an excess usage component by 

obtaining a sum of all subscriber usage greater than the 
threshold value, and subtracting a product of a sum of 
all subscriber hits greater than the threshold value and 
the threshold value. 

2. The method of claim 1, further comprising using the 
excess usage component to analyZe subscriber usage. 

3. The method of claim 1, further comprising using the 
excess usage component to analyZe revenue associated With 
subscriber usage for the threshold value. 

4. The method of claim 1, further comprising de?ning an 
excess usage rate; and determining an excess usage revenue 
value by multiplying the excess usage rate by the excess 
usage component. 

5. The method of claim 1, further comprising de?ning a 
total number of subscribers; de?ning a ?xed fee; and deter 
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14 
mining a ?xed fee revenue value by multiplying the total 
number of subscribers by the ?xed fee. 

6. The method of claim 5, further comprising de?ning an 
excess usage rate; determining an excess usage revenue 
value by multiplying the excess usage rate by the excess 
usage component; and determining a total revenue value 
associated With a threshold value by adding the ?xed fee 
revenue value to the excess usage revenue value. 

7. The method of claim 1, further comprising determining 
total usage; determining cumulative subscriber usage beloW 
the threshold value; and determining cumulative usage 
greater than the threshold value by subtracting the cumula 
tive subscriber usage beloW the threshold value from the 
total usage. 

8. The method of claim 1, further comprising determining 
a total number of subscribers; determining cumulative num 
ber of subscribers beloW the threshold value; and determin 
ing the cumulative number of subscribers greater than the 
threshold value by subtracting the cumulative number of 
subscribers beloW the threshold value from the total number 
of subscribers. 

9. A computer-implemented method of analyZing usage 
data, the method comprising: 

electronically collecting usage record events; 
electronically generating a distribution table using the 

usage record events; 
de?ning a threshold value; and 
electronically determining an excess usage component 

using the distribution table by obtaining a sum of all 
subscriber usage greater than the threshold value, and 
subtracting a product of a sum of a number of sub 
scribers greater than the threshold value and the thresh 
old value. 

10. The method of claim 9, further comprising generating 
an aggregation table from the usage record events; and 
generating the distribution table from the aggregation table. 

11. The method of claim 9, Wherein generating the dis 
tribution table further comprises de?ning aggregation bin 
siZes; and tracking user hits for each aggregation bin siZe. 

12. The method of claim 11, Wherein generating the 
distribution table further comprises tracking total usage for 
each aggregation bin siZe. 

13. The method of claim 11, Wherein generating the 
distribution table further comprises tracking cumulative 
users (hits) for each aggregation bin siZe. 

14. The method of claim 11, Wherein generating the 
distribution table further comprises computing the cumula 
tive usage for each aggregation bin siZe. 

15. The method of claim 9, further comprising using the 
excess usage component to analyZe subscriber usage. 

16. The method of claim 9, further comprising using the 
excess usage component to analyZe revenue associated With 
subscriber usage for the threshold value. 

17. The method of claim 9, further comprising de?ning an 
excess usage rate; and determining an excess usage revenue 
value by multiplying the excess usage rate by the excess 
usage component. 

18. The method of claim 9, further comprising de?ning a 
total number of subscribers; de?ning a ?xed fee; and deter 
mining a ?xed fee revenue value by multiplying the total 
number of subscribers by the ?xed fee. 

19. The method of claim 18, further comprising de?ning 
an excess usage rate; determining an excess usage revenue 

value by multiplying the excess usage rate by the excess 
usage component; and determining a total revenue value 
associated With a threshold value by adding the ?xed fee 
revenue value to the excess usage revenue value. 
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20. The method of claim 9, further comprising determin 
ing total usage; determining cumulative subscriber usage 
below the threshold value; and determining all subscriber 
usage greater than the threshold value by subtracting the 
cumulative subscriber usage beloW the threshold value from 
the total usage. 

21. The method of claim 9, further comprising determin 
ing total number of subscribers; determining cumulative 
number of subscribers beloW a threshold value; and deter 
mining the number of subscribers greater than the threshold 
value by subtracting the cumulative number of subscribers 
beloW the threshold value from the total number of sub 
scribers. 

22. A computer-implemented method for modeling sub 
scriber usage in a usage based revenue system, the method 
comprising: 

de?ning a threshold value; 
electronically determining an eXcess usage component by 

obtaining a sum of all subscriber usage greater than the 
threshold value, and subtracting a product of a sum of 
all subscriber hits greater than the threshold value and 
the threshold value; 

electronically generating a statistical cumulative distribu 
tion model representative of subscriber usage; 

electronically storing the statistical cumulative distribu 
tion model in a look-up table; and 

electronically obtaining the sum of all subscriber usage 
greater than the threshold value from the look-up table. 

23. A data analysis system for modeling subscriber usage 
in a usage based revenue system comprising: 

a data analysis system server, Wherein upon de?ning a 
threshold value, the data analysis system server deter 
mines an eXcess usage component by obtaining the sum 
of all subscriber usage greater than the threshold value, 
and subtracting the product of the sum of the number of 
subscribers greater than the threshold value and the 
threshold value. 

24. The system of claim 23, further Wherein the data 
analysis system server is con?gured to use the eXcess usage 
component to analyZe subscriber usage. 

25. The system of claim 23, further Wherein the data 
analysis system server is con?gured to use the eXcess usage 
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component to analyZe revenue associated With subscriber 
usage for the threshold value. 

26. The system of claim 23, further Wherein an eXcess 
usage rate is de?ned; and the data analysis system server 
determines an eXcess usage revenue value by multiplying 
the eXcess usage rate by the eXcess usage component. 

27. The system of claim 23, further Wherein a total 
number of subscribers and a ?Xed fee are de?ned at that data 
analysis system server; and the data analysis system server 
determines a ?Xed fee revenue value by multiplying the total 
number of subscribers by the ?Xed fee. 

28. The system of claim 27, further Wherein an eXcess 
usage rate is de?ned at the data analysis system server and 
the data analysis system server determines an eXcess usage 
revenue value by multiplying the eXcess usage rate by the 
eXcess usage components, and determines a total revenue 
value associated With a threshold value by adding the ?Xed 
fee revenue value to the eXcess usage revenue value. 

29. The system of claim 23, further Wherein the data 
analysis system server is con?gured to determine total 
usage, determine cumulative subscriber usage beloW the 
threshold value, and determine all subscriber usage greater 
than the threshold value by subtracting the cumulative 
subscriber usage beloW the threshold value from the total 
usage. 

30. The system of claim 23, further Wherein the data 
analysis system server is con?gured to determine a total 
number of subscribers; determine cumulative number of 
subscribers beloW the threshold value, and determine the 
number of subscribers greater than the threshold value by 
subtracting the cumulative number of subscribers beloW the 
threshold value from the total number of subscribers. 

31. A computer-readable medium having computer 
executable instructions for performing a method for mod 
eling subscriber usage in a usage based revenue system, the 
method comprising: 

de?ning a threshold value; 
determining an eXcess usage component by summing all 

subscriber usage greater than the threshold value, and 
subtracting the product of the sum of the number of 
subscribers greater than the threshold value and the 
threshold value. 


